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Absorbable bone anchor 



(57) A bone anchor is provided that can toggle in 
L planes for secure anchorage within a bone iCBVrty. 
The bone anchor includes an oblique suture channel 
configured such that a suture strand extending through 
me bone anchor can be tensioned to toggle the bone 
anchor inside the bone cavity. The suture strand can be 



located on the same side of the anchor body to max»- 
mS the area of the anchor surface which engages 
tene^umno m increased engagement into bone and 
resistance to tensile forces. 
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[0001] Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 



8b !f the SOft tissue to be adjustably tied down in orox 
CROSS-REFERENCE TO RELATED APPLICATIONS ZV^Z ^Tl ** ^ * 

a prednl ed bone cavity. However, the suture strands ex- 
tending from the bone anchor can often encumber the 

dt! he bone anchor is in,roduce « S 

ess than deal engagement of the anchor in the cavity 
n a Ration where the bone cavity needs to be laraer 
than the bone anchor to provide clearance for bo h The 
suture strands and the anchor, it is difficult to then effect 

[0008] There .s thus a need for an improved system 
for anchoring soft tissue to bone which provides opS 
purchase into bone to prevent loosening of the aSo 

- prove'd sTtem?' ^T' ^ * 3 ™° d 

proved system for anchoring soft tissue to hard bone 

which enables suture strands to be located on the same 

«*» of the anchor body in order to maximize the ar ea 

or the leading surface of the bone anchor which engages 

- ™i\™:y f in inc : eased en9a9emen * -^sc 

ance to tensile forces. It would also be advantageous to 
prov.de a fully absorbable suture anchor and system 



[0002] Not applicable. 
FIELD OF THE INVENTION 

vSs 3 in fl T nrJ nV r ti0n r6lateS 9enera "y 10 me *«' de- 
vices and procedures. More particularly, this invention 

l lll a " abS0rbab,e b °™ ^chor system for attach- 

BACKGROUND OF THE INVENTION 
[0004, Soft Jjssues such ^ ( 

sTeSn ToTT* '° 3 ^ POrti °" ° f the 
attached t 1 T • manV "' 9amentS and tend0 "s are 

der and kne l °" I ^ f0rm j ° intS ' SUch as 
reou^l 1 J ntS - A Vari6ty ° f in ' uries a "d conditions 
requir . attachment or reattachment of a soft tissue to 

bone For example, when otherwise healthy tissue has 

to reattach the t.ssue to the bone to allow healing and a 
natural reattachment to occur. 

EZ? ^ r Umber ° f deVices and metb ods have been 
scret P l t0 , ^ S ° ft tiSSUS t0 bone - Thes * hcS 

STsS f'- ment ' suture anchors - and s «»™ 

alone Some of the more successful methods involve 
use of a suture anchor to attach a suture to the bo7e 
and tying the suture in a manner that holds the tissue fn 
close proximity to the bone. 

oTn 6 ! ' ,iSSUe may be attached t0 th * bone during 
S 9 7' ° r dUrin9 Closed ( e 9- arthroscopic) sur 

fe?rlT ed r S - Cl0S6d SUr 9 ical Procedures are pre- 
ferred since they are .ess invasive and are less like J to 

zzssi f uma - in a c,osed sura,cai 

du~ 1 P mS dia9n ° Stic and ferapeutic proce- 

ponSs uln? f Site thr ° U9h Sma " '^-ons.'called 
portals, using mstruments specially designed for this 

purpose. One problem encountered in the less invasle 
S^ al P™ ed "~ - that the surgeon Z3J 

Son Mhl^u r °T l ° Perf0rm ,hS re < uired 
tions at the surgical site. Thus, devices and methods are 

n: c d ; t hich win a,,ow a sur9eon ,o 

ly attach bssue to bone in the small spaces provided bv 
less ,nvas.ve surgical procedures V 
[0007] Proper attachment of soft tissue requires that 
U be placed in the anatomical.y correct positin to 
mote optimal healing. Conventional methods for attach 
mg so t tissue to bone have typically used togg ing an 
chors having sutures attached thereto. The suture? en 



SUMMARY OF THE INVENTION 



£3 oJ b . p S6nt invention avoids a *~. 

ZI JT aSSOCiated wit " conventional toggling 
anchors by providing a bone anchor that can togl in 

Te b" eS r CUre anCh0ra96 »™» a bone cavi; 
» strand TanT ,° r " C ° nf '' 9Ured SUCh ,hat the 

s=rs increased 

* Sn abon 6 TnT a,VembOdiment0f,he P reSenti n- 
to bo™ h ° h0r ,S Pr0Vided for anchoring tissue 

to bone having an elongate body extending between a 
ftrst leading end and a second trailing end The etonoate 
body defines a longitudinal axis of the anchor Between 

- TJZToflT T S are ^ ° PP0Sed surfac - an" 
tleen tlL a " S adjaC6nt to and Ending be- 

tween the two opposed surfaces. Extending from one of 
the s.dewalls ,s a flared portion configured to enqaoe 

at least one suture channel for passage of a suture 

o ^r h erethr ° U9h - ThS SUtUre chan "ai?s ob quely a 
g ed with respect to the longitudinal axis such thai ap- 
plying tension to a suture strand extending thmugh the 
suture channel wi,l force the bone anch 0 ?,o toggle jn 

- Sin te a rf " eS - Th ' S f tW °' Way t099,ing aCti0 " -ablest bet- 
00 1 1 To" ° f b ° ne anCh ° r in ,he bone -vity. 

Kl in h aSPeC ' ° f the Present inven,i °n. the 
bone anchor may inc.ude a notch for engaging a portion 

s° turrcr" T and ' anCh ° r ™* a ' so ^ two 
55 ! nne ' S ' Pre,er ably, the suture channels are 

boS Tf T l ° the ' on 9 itudin a' axis of the 

beln^ulT 6ndin9 fr ° m ° f the SidSWalte « a'so 

[0012] in another aspect of the present invention, the 
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bone anchor can include an elevated region that in- 
cludes extra material near the first leading end of the 
body. Bone anchor can also include a depressed region 
near the second trailing end wherein material is re- 
moved from this depressed region to provide clearance 
for the suture thread. 

[0013] In a preferred embodiment, the bone anchor 
can be entirely bioabsorbable. However, the bone an- 
chor may also be formed of a non-absorbable polymer 
or metal. A method is also provided by which a detached 
tissue may be securely attached to bone in an anatom- 
ically correct position using the bone anchor of the 
present invention. 

[0014] Furtherfeatures of the invention, its natureand 
various advantages, will be more apparent from the ac- 
companying drawings and the following detailed de- 
scription of the drawings and the preferred embodi- 
ments. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 



FIG. 1 A is a cross-sectional view of an embodiment 

of the bone anchor of the present invention; 25 

FIG. 1 B is another cross-sectional view through the 
- side of the bone anchor of FIG. 1 A at lines 1B-1B; 

FIG. 1C is a perspective view of the bone anchor of 30 
FIG. 1A; 

: FIG. 2A is a side view of another embodiment of the 
bone anchor of the present invention; 
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FIG. 2B is a surface view of the bone anchor of FIG. 
2A; 

FIG. 2C is a perspective view of the bone anchor of 
FIG. 2A; 

FIG. 3A is a side view of yet another embodiment 
of the bone anchor of the present invention; 



FIG. 3B is a surface view of the bone anchor of FIG. 45 
3A; 

FIG. 3C is a perspective view of the bone anchor of 
FIG. 3A; 

50 

FIG. 4A is a cross-sectional view of another embod- 
iment of the bone anchor of the present invention; 

FIG. 4B is a cross-sectional view of another embod- 
iment of the bone anchor of the present invention; 55 

FIG. 5 depicts the bone anchor of FIG. 4B with two 
suture strands; 



FIG. 6 A is a surface view of yet another embodi- 
ment of the bone anchor of the present invention; 

FIG. 6B is a side view of the bone anchor of FIG. 6A; 

FIG. 6C is another surface view of the bone anchor 
of FIG. 6A; 

FIG. 7A is a perspective view of the bone anchor of 
FIG. 6A with a suture strand; 

FIG. 7B is a cross-sectional view of the bone anchor 
of FIG. 6A at lines 7B-7B-; 

FIG. 8A is a surface view of yet another embodi- 
ment of the bone anchor of the present invention; 

FIG. 8B is a side view of the bone anchor of FIG. 8A; 

FIG. 8C is another surface view of the bone anchor 
of FIG. 8A; 

FIG. 9A depicts a step in the method of deploying 
the bone anchor of the present invention; 

FIG. 9B depicts another step in the method of de- 
ploying the bone anchor of the present invention; 

FIG. 9C depicts yet another step in the method of 
deploying the bone anchor of the present invention; 
and 

FIG. 9D depicts a final step in the method of deploy- 
ing the bone anchor of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0016] Referring to FIG. 1 A, an exemplary bone an- 
chor 10 of the present invention is shown having an 
elongate body 12 extending between a first leading end 
14 and a second trailing end 16 for defining a longitudi- 
nal axis L. First leading end 14 maybe tapered as 
shown. The elongate body 12 comprises two opposed 
surfaces 18 that extend between the ends 14, 16, and 
a plurality of sidewalls 20 adjacent to and extending be- 
tween the two opposed surfaces 18, as shown in FIG. 
1 C. Near the second trailing end 1 6 and extending from 
one of the plurality of sidewalls 20 is a flared portion 22. 
The flared portion 22 lends an asymmetric profile to the 
bone anchor 1 0 and facilitates the toggling action of the 
bone anchor 10 once inserted inside a bone cavity. 
Flared portion 22 may have a sharp edge for penetrating 
into bone, though the edge does not have to be a knife 
edge to effectively engage the wails of the bone cavity. 
[0017] Although surfaces 18 are shown as flat, it is 
understood that they may be otherwise shaped or con- 
toured. For example, they may be curved or rounded. 
Surfaces 18 may also include surf ace features such as 



3 



BNSDOCID- <EP 1297788A2 1 > 



EP 1 297 788 A2 



roughened portions, or protrusions, that facilitate an- 
chorage of the bone anchor 10 into the bone cavity The 
sidewalls 20 that are adjacent to surfaces 1 8 may also 
be curved, rounded, or flat. 

[001 8] Elongate body 1 2 also includes a suture chan- 
nel 24 for passage of a suture strand through the bone 
anchor 1 0. As shown in FIG. 1 B, suture channel 24 com- 
prises a through-hole 26 extending through each of the 
opposed surfaces 18 of bone anchor 10. Through-hole 
26 extends into a recessed opening 28 at each of the 
surfaces 18, as best illustrated in FIG. 1C. Each of the 
recessed openings 28 is elliptically shaped, or ovoid as 
shown in FIG. 1A. Recessed opening 28 helps enable 
as much of the suture strand to lie flush with respect to 
surface 1 8 of the bone anchor 1 0 as possible, alleviating 
suture binding and pinching of the suture strand be- 
tween the anchor 1 0 and bone cavity. Recessed open- 
ings 28 also reduce friction against the suture strand 
when tension is applied. Suture channel 24 is obliquely 
angled with respect to the longitudinal axis L of the body 
12, as shown in FIGS. 1A and 1B. Thus, the recessed 
openings 28 of the suture channel 24 on opposed sur- 
faces 1 8 do not line up. 

[0019J Becauseofthe uniquely angledsuturechannel 
24 of bone anchor 10, a suture strand extending through 
this channel 24 can effect a toggling action in the bone 
anchor 1 0 in two planes when tension is applied. This 
toggling action is enhanced by having the suture strand 
pass through the surfaces 1 8 of the anchor 1 0 rather 
than through the sides 20. In addition, the two-way tog- 
gling action resulting from the configuration of the suture 
channel 24 enables purchase of the entire length of the 
flared portion 22 into bone, rather than just a corner of 
the anchor 1 0, or a small portion of the flared portion 22 
as with conventional bone anchors with bone engage- 
ment edges. The increased surface area that can be an- 
chored into bone results in increased resistance of the 
anchor 1 0 to being pulled out with a tensile force The 
increased surface area also enables the bone anchor 
10 to achieve purchase in a wider range of bone hard- 
ness, since the engagement force into bone can now be 
distributed over a wider surface area, without the poten- 
tial of shearing off the flared portion 22 or cutting through 
the bone such as occurs with conventional bone an- 
chors having small bone engagement edges. Ultimately 
these features result in a bone anchor 10 having an 
overall size which is smaller than conventional bone an- 
chors while still being able to achieve optimal bone pur- 
chase. For instance, the anchor 10 of the present inven- 
tion can have a diameter in the range of about 3.0 mm 
[0020J In addition to pulling on a suture strand 2 ex- 
tending from the obliquely angled suture channel 24 
bone anchor 10 can be toggled using an inserter tool 
(not shown). As illustrated in FIG. 1A, extending from 
the second trailing end 16 into elongate body 12 is a 
bore 30 configured to engage with a distal end of an in- 
serter tool. Bore 30 can be threaded to threadably en- 
gage the inserter tool. When tension and deflection by 



the inserter is applied to the bone anchor 1 0, after the 
anchor is positioned within bone, the anchor 10 under- 
goes a toggling action, or rotation which results in the 
anchor 1 0 being oriented in a direction that is not parallel 
5 with the longitudinal axis of the anchor-seating bore 30 
This toggling of the anchor 10 causes the anchor 10 to 
become lodged within the bone. Thus, toggling of the 
bone anchor 10 can be achieved by tensioning the su- 
ture strand in the suture channel 24 and/or mechanically 
io deflecting the bone anchor 1 0 with the insertertool Both 
techniques can work in synchrony to create an optimal 
interference fit of the anchor 10 within a bone cavity. 
[0021 J Bone anchor 1 0 of the present invention can 
be formed of a bioabsorbable material. This provides the 
« benefit of reducing immunological problems associated 
with having a foreign substance within the body over a 
prolonged period of time. Bone anchor 10 can be com- 
posed of a suitable copolymer combination such as 
polylacticacid-polyglycolicacid(PLA-PGA) with a pre- 
20 dominant fraction of PGA. Other bioabsorbable poly- 
mers can be used to make the annular member accord- 
ing to the present invention. Examples of suitable bio- 
compatible, bioabsorbable polymers include polymers 
selected from the group consisting of aliphatic polyes- 
25 ters, poly(amino acids), copoly(ether-esters), polyalk- 
ylenes oxalates, polyamides, tyrosine derived polycar- 
bonates, poly(iminocarbonates), polyorthoesters, poly- 
oxaesters, polyamidoesters, polyoxaesters containing 

amine groups, poly(anhydrides),polyphosphazenes bi- 
30 omolecules (i.e., biopolymers such as collagen, elastin 
bioabsorbable starches, etc.) and blends thereof For 
the purpose of this invention aliphatic polyesters in- 
clude, but are not limited to, homopolymers and copol- 
ymers of lactide (which includes lactic acid D- L- and 
35 meso lactide), glycolide (including glycolic acid) e- 
caprolactone, p-dioxanone (1,4-dioxan-2-one), trimeth- 
ylene carbonate (1 ,3-dioxan-2-one), alkyl derivatives of 
tnmethylene carbonate, y-valerolactone, p-butyrolac- 
tone, y-butyrolactone, e-decalactone, hydroxybutyrate 
40 hydroxyvalerate, 1 ,4-dioxepan-2-one (including its dim- 
er 1 ,5,8,12-tetraoxacyclotetradecane-7,14-dione) 
1 ,5-d.oxepan-2-one, 6,6-dimethyl-1 ,4-dioxan-2-one 
2,5-diketomorpholine, pivalolactone, a, a-diethylpropi- 
olactone, ethylene carbonate, ethylene oxalate 3-me- 
<* thyl-1 ,4-dioxane-2,5-dione, 3,3-diethyM ,4-dioxan- 
2,5-dione, 6,8-dioxabicycloctane-7-one and polymer 
blends thereof. Poly(iminocarbonates), for the purpose 
of this invention, are understood to include those poly- 
mers as described by Kemnitzerand Kohn, in the Hand- 
book of Biode gradable Poly nw* edited by DombTet 
al., Hardwood Academic Press, pp. 251 -272 (1 997) Co- 
poly(ether-esters), for the purpose of this invention are 
understood to include those copolyester-ethers as de- 
scribed in the Journal of Biomaterials Research Vol 22 
55 pages 993-1 009 : 1988 by Cohn and Younes, and in Pol- 
ymer Preprints (ACS Division of Polymer Chemistry) 
Vol. 30(1), page 498, 1989 by Cohn (e.g. PEO/PLA)' 
Polyaikylene oxalates, for the purpose of this invention 
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include those described in U.S. Patent Numbers 
4,208,511; 4,141,087; 4,130,639; 4,140,678; 
4,105,034; and 4,205,399. Polyphosphazenes, co-, ter- 
and higher order mixed monomer based polymers made 
from L-lactide, D,L-lactide, lactic acid, glycolide, glycolic 
acid, para-dioxanone, trimethylene carbonate and e- 
caprolactone such as are described by Allcock in The 
Encyclopedia of Polymer Science, Vol. 1 3, pages 31 -41 , 
Wiley Intersciences, John Wiley & Sons, 1988 and by 
Vandorpe, et al in the Handbook of Biodegradable Pol- 
ymers , edited by Domb, et al, Hardwood Academic 
Press, pp. 161-182 (1997). Polyanhydrides include 
those derived from diacids of the form HOOC-C 6 H 4 - 
0-(CH 2 ) m -0-C 6 H 4 -COOH, where m is an integer in the 
range of from 2 to 8, and copolymers thereof with 
aliphatic alpha-omega diacids of up to 12carbons. Poly- 
oxaesters, polyoxaamides and polyoxaesters contain- 
ing amines and/or amtdo groups are described in one 
or more of the following U.S. Patent Nos. 5,464,929; 
5,595,751; 5,597,579; 5,607,687; 5,618,552; 
5,620,698; 5,645,850; 5,648,088; 5,698,213; 
5,700,583; and 5,859,150. Polyorthoesters such as 
those described by Heller in Handbook of Biodegrada- 
ble Polymers , edited by Domb, et al, Hardwood Aca- 
demic Press, pp. 99-118 (1997). 

[0022] Exemplary bioabsorbable, biocompatible elas- 
tomers include but are not limited to elastomeric copol- 
ymers of e-caprolactone and glycolide (including polyg- 
lycolic acid) with a mole ratio of e-caprolactone to gly- 
colide of from about 35:65 to about 65:35, more prefer- 
ably from 45:55 to 35:65; elastomeric copolymers of e- 
caprolactone and lactide (including L-lactide, D-lactide, 
blends thereof, and lactic acid polymers and copoly- 
mers) where the mole ratio of e-caprolactone to lactide 
is from about 35:65 to about 65:35 and more preferably 
from 45:55 to 30:70 or from about 95:5 to about 85:15; 
elastomeric copolymers of p-dioxanone (1,4-dioxan- 
2-one) and lactide (including L-lactide, D-lactide, blends 
thereof, and lactic acid polymers and copolymers) 
where the mole ratio of p-dioxanone to lactide is from 
about 40:60 to about 60:40; elastomeric copolymers of 
e-caprolactone and p-dioxanone where the mole ratio of 
e-caprolactone to p-dioxanone is from about from 30: 
70 to about 70:30; elastomeric copolymers of p-diox- 
anone and trimethylene carbonate where the mole ratio 
of p-dioxanone to trimethylene carbonate is from about 
30:70 to about 70:30; elastomeric copolymers of tri- 
methylene carbonate and glycolide (including polygly- 
colic acid) where the mole ratio of trimethylene carbon- 
ate to glycolide is from about 30:70 to about 70:30; elas- 
tomeric copolymers of trimethylene carbonate and lac- 
tide (including L-lactide, D-lactide, blends thereof, and 
lactic acid polymers and copolymers) where the mole 
ratio of trimethylene carbonate to lactide is from about 
30:70 to about 70:30; and blends thereof. Examples of 
suitable bioabsorbable elastomers are described in U. 
S. Patent Nos. 4,045,418; 4,057 : 537 and 5,468,253. 
[0023] Preferably, the anchor 1 0 is formed from poly- 



lactic acid, or a composite blend of tricalcium phosphate 
and polylactic acid. However, it is contemplated that 
bone anchor 10 of the present invention can also be 
made of non-absorbable materials. For example, the 
5 bone anchor 1 0 may be made of polysulfone, or a metal 
such as Titanium 6A1 -4V. 

[0024] Rather than having a closed nose at first lead- 
ing end 1 4, the bone anchor 10 can have an open nose. 
As shown in FIGS. 2B and 2C, bone anchor 1 1 0 has the 
10 same features of anchor 1 0, with similar elements being 
designated by the same number with the prefix "1". Most 
notably, bone anchor 110 has a suture engaging notch 
132 at its distal end 114. Suture engaging notch 132 al- 
lows the suture strand 2 passing through suture channel 
15 124 to enter and exit on the same side of the bone an- 
chor, as illustrated in FIG. 2A and 2C. 
[0025] FIGS. 3A-3C show yet another embodiment of 
the present invention in which bone anchor 210 has two 
suture channels 224. The two suture channels 224 en- 
20 able the suture strand 2 to enter and exit the bone an- 
chor 1 0 on the same side, as illustrated in FIGS. 3A and 
3C. In all other respects, bone anchor 210 has the same 
features of anchor 10, with similar elements being des- 
ignated by the same number with the prefix "2". 
25 [0026] In another aspect of the present invention, 
bone anchor 1 0' includes all the features of bone anchor 
10, with similar elements being designated with the 
same numbers followed by the suffix , but can also 
include a fin 34, as shown in FIG. 4A. Fin 34 extends 
30 from a sidewall 20' at approximately midway between 
the distal end 14' and proximal end 16' of the bone an- 
chor 1 0'. Fin 34 acts as a shovel, providing an additional 
ledge for digging into bone and preventing the anchor 
10' from accidentally pulling out. In extra hard bone, the 
35 fin 34 can serve as a compression fit element. Though 
fin 34 may not need to be a knife edge, fin 34 should 
have a sharp edge for penetrating into bony tissue. 
[0027] Bone anchor 1 0' also includes a bore 30' that 
extends at an angle with respect to the longitudinal axis 
40 L for engagement with an inserter tool. The bore 30' can 
have an angle in the range of about 15° from the longi- 
tudinal axis L of the bone anchor 10'. Such an angled 
bore 30' may provide additional leverage for toggling the 
bone anchor 1 0' inside the bone cavity when the inserter 
45 tool is attached. 

[0028] The additional features present in bone anchor 
10' may also be included in bone anchor 21 0\ shown in 
FIG. 4B. Bone anchor 210* can also have a fin 234 and 
a longitudinally offset, or angled bore 230'. Further, in 
so bone anchor 210' each of the suture channels 224' is 
misaligned with respect to the longitudinal axis L. That 
is, the recessed openings 228' of the suture channels 
224' do not line up along the longitudinal axis, but are 
rather staggered with respect to the longitudinal axis L. 
55 It is understood that bone anchor 210' shares similar 
features with bone anchor 21 0, the same features being 
designated with the same number followed by the suffix' 
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[00291 't is contemplated that bone anchors 210,210* 
can be used with two suture strands 2. As depicted in 
FIG. 5, bone anchor 21 0' can be threaded with a suture 
strand 2 in each suture channel 224. By providing the 
bone anchor 210' with two suture strands, more precise 
and controlled toggling can be achieved as individual 
strands 2 are manipulated at separate times and with 
differing amounts of tension. Since the suture channels 
224* are not aligned longitudinally, this enables two su- 
ture strands 2 to be threaded th rough without substantial 
overlap or encumbrance of suture strands 2 on the sur- 
face 21 8* of the bone anchor 21 0' where all the free ends 
of the strands 2 exit. 

[0030] FIGS. 6A-6C, 7A, and 7B illustrate yet another 
embodiment of the bone anchor 310 of the present in- 
vention. Building on the features of bone anchor 210', 
bone anchor 31 0 includes fin 334 and two suture chan- 
nels 324. In addition, bone anchor 310 includes an ele- 
vated region 338 surrounding leading end 314. Elevated 
region 338 includes both the surfaces 318 and sides 
320. The increased material in this elevated region 338 
prevents over-rotation orflipping of the bone anchor31 0 
in the bone cavity. Furthermore, the additional material 
helps clean bone debris as the anchor 310 is inserted 
into the cavity. 

[0031] As shown in FIG. 6A, the additional material 
forming elevated region 338 surrounding the two suture 
channels 324 creates a trough 334 within the elevated 
region 338. Trough 336 connects an opening 328 of one 
of the suture channels 324 with the other opening 328 
of the second suture channel 324. The trough 336 ena- 
bles a portion of a suture strand 2 that passes from one 
opening 328 to another opening 328 to seat against the 
body 31 2 of the bone anchor 31 0. FIG. 7A shows a per- 
spective view of bone anchor 31 0 having a suture strand 
2 passing through the channels 324. As illustrated in 
FIG. 7B, the combination of the two suture channels 324 
and trough 336 provide a smooth passageway for a su- 
ture strand to pass therethrough, without excess friction. 
The smoothness of the passageway and angled chan- 
nel openings 328 enhances the slidability of the suture 
strand therethrough. In addition, the large radius of cur- 
vature of the suture passageway formed by the two su- 
ture channels 324 and trough 336 facilitates ease of su- 
ture movement. 

[0032] In yet another embodiment of the present in- 
vention, the bone anchor 410 can include not only an 
elevated region 436 but a depressed region 438. As 
shown in FIGS. 8A and 8B, bone anchor 410 includes 
near the second trailing end 4 1 6 a depressed region 440 
wherein material is removed from one of the surfaces 
418. An opening 428 of one of the two suture channels 
424 is located within this depressed region 440. The de- 
pressed region 440 provides clearance for the suture 
strand to lie against the body 412 of the bone anchor 
410. Together with the trough 434 on the opposite sur- 
face 418, shown in FIG. 8C, the depressed region 438 
helps maintain the slim profile of the bone anchor sys- 



tem of the present invention. 

[0033] The anchors 10, 10' 110, 210, 21 0\ 310, and 
41 0 of the present invention may be used in the method 
described herein below for anchoring tissue to bone. For 
5 purposes of illustration, FIGS. 9A-9D depict the method 
of using suture 410 in the context of an arthroscopic 
shoulder repair, more specifically, attaching a detached 
labrum (as might result from a Bankart lesion or rotator 
cuff tear) to the glenoid rim of a scapula. It will be un- 
10 derstood, however, that the system and method de- 
scribed herein are equally applicable to connecting de- 
tached tissue in other contexts as well. Further, the 
method described is merely exemplary of the steps in- 
volved in using any of the embodiments of the anchors 
is of the present invention, and is equally suitable for an- 
chors 10, 10', 110, 210, 210', and 310. 
[0034] Referring to FIG. 9A, a bore 502 is formed in 
bone 500 of the patient. The diameter of the bore 502 
should be about the same size as the largest outer di- 
20 ameterof the bone anchor 410, e.g., about 3.0 mm. The 
length of the bore 502 should be of sufficient length to 
allow for complete seating of the suture anchor 410. As 
shown in FIG. 9B, an inserter tool 400 can be attached 
to bone anchor 41 0 for tapping the anchor 41 0 into the 
25 bore 502. Bone anchor 410 can be provided with an 
open- suture, i.e., a suture strand extending there- 
through, or with a suture having a needle already at- 
tached for bringing soft tissue 510 in proximity to the 
bony structure 500 for reattachment. The suture needle 
30 can have a first, tissue penetrating end and a second, 
trailing end attached to a loop of suture thread extending 
through bone anchor 41 0. 

[0035] In FIG. 9C, the suture thread 2 extending from 
bone anchor 410 has been threaded through the free 
35 end of detached labrum 510 using any conventional 
method known in the surgical art. The bone anchor 410 
can then be tapped into bore 502, bringing the detached 
labrum 51 0 in proximity to shoulder bone 500. Because 
the top portion of the anchor 410 is sized very close to 
40 the diameter of the bone cavity 502, there results an in- 
terference fit in this area when the anchor 41 0 is placed 
within the bore 502. This tight fit also allows the anchor 
410 to pivot in place when a tensile force is placed on 
the suture strands. It is contemplated that applying force 
45 on the inserter tool 400 can effect toggling of the bone 
anchor 410 while inside the bore 502. In certain situa- 
tions, it may be desirable to perform this step to provide 
additional securement of the bone anchor 410 prior to 
effecting additional toggling by pulling on the suture 
50 thread 2. 

[0036] Once the bone anchor 41 0 is properly inserted 
and the detached labrum 510 is in position, the inserter 
tool 400 can be removed. The free ends of suture thread 
2 can be pulled to apply tension to the suture 2 seated 
55 within the bone anchor 410. The anchor will toggle, e. 
g., about 90° with respect to the location of the suture 
strands 2. This toggling action can result in the flared 
portion 422 of the anchor 41 0 being lodged into the side 
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of the bone cavity 502. The body 412 of the anchor 410 
is designed in such a way as to maximize the surface 
area of this second trailing end 416. The bone anchor 
41 0 is thus stabilized in an interference fit within the bore 
502, and the detached labrum 510 is thereby attached 
to the shoulder bone 500 in the desired position, as il- 
lustrated in FIG. 9D. Free ends of suture thread 2 can 
then be secured together and the excess trimmed as is 
typical in these situations to complete the surgery. 
[0037] It will be understood that the foregoing is only 
illustrative of the principles of the invention, and that var- 
ious modifications can be made by those skilled in the 
art without departing from the scope and spirit of the in- 
vention. All references cited herein are expressly incor- 
porated by reference in their entirety. 
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I. The bone anchor of claim 6, wherein the fin is locat- 
ed substantially midway between the first and sec- 
ond ends. 

8. The bone anchor of claim 1 , further including a 
threaded bore extending into the elongate body 
from the second trailing end thereof. 

9. The bone anchor of claim 8, wherein the threaded 
bore extends at an angle with respect to the longi- 
tudinal axis. 

10. The bone anchor of claim 1 , wherein the anchor in- 
cludes two suture channels. 

II. The bone anchor of claim 10, wherein the suture 
channels are misaligned with respect to the longi- 
tudinal axis. 



1. A bone anchor for anchoring tissue to bone, com- 
prising: 

an elongate body defined by a longitudinal axis, 
a first leading end and a second trailing end, 
the elongate body comprising two opposed sur- 
faces between the first and second ends, and 
a plurality of sidewalls extending between the 
two opposed surfaces, 
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12. The bone anchor of claim 11 , wherein the first and 
second suture channels are connected by a trough 
extending along one of the surfaces of the elongate 
body, the trough being adapted to seat a portion of 
the suture strand. 

13. The bone anchor of claim 1, wherein each of the 
opposed surfaces has an elevated region at the first 
leading end. 



a flared portion formed on the second end and 30 
extending from one of the plurality of sidewalls, 
the flared portion being adapted to engage and 
anchor into bone, and 

at least one suture channel formed in the elon- 35 
gate body for passage of a suture strand there- 
through, the suture channel extending between 
the two opposed surfaces and being obliquely 
angled with respect to the longitudinal axis. 



40 



45 



The bone anchor of claim 1 , wherein the at least 
one suture channel further includes a recessed 
opening on each surface of the body. 

The bone anchor of claim 2, wherein the opening is 
elliptical. 

The bone anchor of claim 1 , wherein the two op- 
posed surfaces are substantially flat. 

The bone anchor of claim 1, further including a 
notch at the first end of the bone anchor for engag- 
ing a suture strand. 



The bone anchor of claim 1 , further including a fin 55 
extending from one of the plurality of sidewalls in a 
direction opposite the flared portion. 



50 



1 4. The bone anchor of claim 1 3, further including a de- 
pressed region at the second trailing end, the de- 
pressed region being located on one of the opposed 
surfaces. 

15. The bone anchor of claim 14, wherein a recessed 
opening of the first suture channel lies within the de- 
pressed region. 

16. The bone anchor of claim 1 , wherein the anchor is 
bioabsorbable. 

1 7. The bone anchor of claim 1 6, wherein the anchor is 
formed from the group consisting of polylactic acid, 
a composite blend of tricalcium phosphate and 
polylactic acid, and combinations thereof. 

18. A system for anchoring tissue to bone, comprising: 

a bone anchorcomprising an elongate body de- 
fined by a longitudinal axis, a first leading end 
and a second trailing end, the elongate body 
including: 

two opposed surfaces between the first 
and second ends, and a plurality of side- 
walls extending between the two opposed 
surfaces, 

a flared portion formed on the second end 
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and extending from one of the plurality of 
srdewalls, the flared portion being adapted 
to engage and anchor into bone, and 
at least one suture channel formed in the 
elongate body for passage of a suture 5 
strand therethrough, the suture channel 
extending between the two opposed sur- 
faces and being obliquely angled with re- 
spect to the longitudinal axis; 

10 

a loop of suture thread adapted to be attached 
to the bone anchor; and 
a suture needle having a first, tissue penetrat- 
ing end and a second, trailing end, wherein the 
second, trailing end of the suture needle is at- 15 
tached to the loop of suture thread. 
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